INTRODUCTION
Ready-to-eat (RTE) fruits and vegetables are considered important components of a healthy and balanced diet and recognized as an important source of nutrients for humans Gerba, 1996, Nuanualsuwan and Oliver, 2003a) . It is well known that food handlers with poor personal hygiene play an important role in contaminating fresh products (D'Souza et al., 2006) . The pathogens associated with environmental transmission routes, through water and food, include a wide diversity of bacteria, protozoa, as well as viruses, such as Norovirus (NoV), hepatitis A virus (HAV), hepatitis E virus (HEV) and adenoviruses (AdV). As a consequence, the use of indicator viruses is important for investigating food safety and quality (Kokkinos et al., 2012) . There is no strict evidence indicating which stage of the food production process is the most vulnerable for virus contamination. However, in the majority of contamination cases, fresh produce becomes contaminated on the farm during growing or harvesting (Heaton and Jones, 2008, Kokkinos et al., 2012) . Recent foodborne outbreaks in Europe have been caused by Noroviruses present in lettuce (Feng et al., 2011) or HAV in semidried tomatoes (Gogate, 2007) . There is a need to provide rapid, sensitive, and easy screening for pathogen detection in food companies. Although the majority of adenoviruses cause respiratory tract diseases, some of them are associated with gastroenteritis (Van et al., 1992). It is estimated that more than 90% of the human population is seropositive for different types of adenoviruses ( . This novel assay is advantageous since it has high specificity, sensitivity, low cost and it can be used as an easy diagnostic tool without the need of sophisticated equipment, by the food industry and the Public health authorities (Notomi et al., 2000) .
The aim of the present study was the evaluation of a simple, cost-effective, onestep, single-tube adenovirus types 40/41 specific loop-mediated isothermal amplification (LAMP) assay, which has been recently published by our group (Ziros et al., 2015) , for the detection of hAdV40/41 in a series of fresh ready-toeat (RTE) food samples. It is the first time that a LAMP assay is reported for the detection of these virus types in two main categories of RTE matrices (vegetables and soft fruits).
MATERIAL AND METHODS

Food samples collection and processing
Five (5) different food samples, were purchased from a local supermarket (Patras, Greece) the day of the experiment, and stored under refrigerated conditions (4°C) until the time of the experiment. Specifically, fresh ready-to-eat products, such as romaine lettuce (Lactuca sativa L. var. longifolia), green onions (Allium spp), cherry tomatoes (Solanum lycopersicum var. cerasiforme), strawberries (Fragaria x ananassa), and sour berries (Prunus cerasus), were used for the specificity and evaluation tests of the developed LAMP assay.
Sample inoculation-Viral attachment
All food samples were rinsed with sterile water to remove some of the natural flora or impurities before treatment. For the inoculation of the samples of RTE products, a spot-inoculation method was applied to inoculate the hAdVs on their surface. Briefly, 10 μL (5 drops) of AdV40/41, corresponding to concentrations of 10 4 GCs/ 10μl, 10 3 GCs/ 10μl, 10 2 GCs/ 10μl, 10 1 GCs/ 10μl, 10 0 GCs/ 10μl (which were determined by quantitative QPCR) were spotted with a micropipette on 5 different areas of the surface of each food sample weighing 25g. After spiking, the samples were dried in a class II biosafety cabinet (Cytair 155, FluFrance), for 1 hour at 22±2°C, to allow viral attachment.
The ability of viruses to persist in the environment and on fresh produce, as well as their low infectious doses, allows even a small amount of contamination to cause foodborne viral outbreaks. Human Adenoviruses (hAdVs) of subgroup F (enteric serotypes 40 and 41) are known to be associated with 5-20% worldwide of acute gastroenteritis cases among infants and young children. The present study aimed to evaluate a simple and cost-effective, one-step, single-tube adenovirus type 40/41 specific loop-mediated isothermal amplification (LAMP) assay for the detection of hAdV40/41 DNA in a series of ready-to-eat food samples (strawberries, sour cherries, lettuce, cherry tomatoes and green onions). No LAMP assay has previously been reported for the detection of these virus types in food samples. Results were obtained within 60 min, under isothermal conditions at 69°C. After amplification, the products were detected either by observing a ladder pattern following gel electrophoresis, or a color change with the addition of SYBR Green I to the reaction tube. The limits of detection of hAdV40/41 in food samples were found to be >30 GCs per reaction, when a nucleic acids extraction step was included in the analysis. A 1 log higher (>100 GCs/reaction) detection limit was found for lettuce, cherry tomatoes and green onions, without a nucleic acids extraction step included before the isothermal amplification. The LAMP assay for the virological analysis of food samples is expected to provide a robust, innovative, powerful, cheap and fast monitoring tool, without the need of sophisticated equipment, which will be available for food safety testing by the food industry and the public food health authorities.
ARTICLE INFO
Recovery of viruses from fresh produce surfaces
The sample was processed by the method of Dubois et al. (2006) , as described by Kokkinos et al., (2012) . The spiked food samples were diluted in 40 ml TGBE (Tris Glycine 1% Beef Extract Buffer) (Sigma-Aldrich) solution and then the pH was adjusted to 7.2. At this stage, the food samples were characterized as nonextracted and were used for the subsequent virological analysis by the LAMP assay. Alternaltively, the final pellet was compacted by centrifugation at 10,000 x g for 5 min, at 4°C, before suspension in PBS (Invitrogen) and chloroform:butanol. Finally, the aqueous phase was transferred to a clean tube and stored at -20°C until nucleic acids extraction.
Nucleic Acids Extraction
Nucleic acids (NA) from viral concentrates of fresh products were extracted using a NucliSENS miniMAG kit (bioMerieux, France), according to previous published protocols (Kokkinos et al., 2012) . A negative control was included in all the nucleic acid extraction procedures. Finally, the NA eluates (100μl) were stored at −70 °C, until used. The food samples at this stage were characterized as extracted samples and were used for the subsequent LAMP assay.
Accreditation
The Environmental Microbiology Unit (EMU) is an accredited laboratory for the virological analysis of food and environmental samples according to ISO 17025 (ESYD 550-2).
LAMP Assay
The LAMP assay was conducted in a total volume of 20 μl consisting of isothermal Master Mix (ISO-001tin Isothermal Mastermix, OptiGene, UK) (12μl), the set of six primers (outer, inner, and loop primers), and target DNA (2μl). As described previously, samples were analyzed by LAMP, with and without prior nucleic acid extraction. All experiments were carried out in triplicates, and each analysis was performed at least in duplicate. The sequences of the oligonucleotide primers, the thermal profile and the optimal conditions of the LAMP assay were previously described by Ziros et al., 2015. The primers were high-performance liquid chromatography-purified. Positive and negative controls were included in each run. Aliquots of 10 μl of LAMP products were electrophoresed on 2% agarose gels and were visualized by ethidium bromide (Sigma) staining with UV light transillumination. The amplified products were also detected by adding 1 μl of 1,000 X SYBR green dye to each reaction tube. After incubation for 15 min in the dark at room temperature, a yellowish green colour indicated a positive reaction, while a reddish orange (the colour of the unbound dye) indicated a negative reaction. The colour change in the reaction tubes was examined under UV light conditions.
Quantitative real-time PCR (RT-QPCR)
For hAdV40/41 quantification, a previously described qPCR assay was performed, as described by Hernroth et al., (2002) . The assay targeted the conserved region of the hexon gene, and was performed using TaqMan Universal PCR Master Mix (Applied Biosystems). All samples were tested in duplicate (two neat and two 10-fold diluted), in a total volume of 25μl (10 μl sample). For each plate, the genome copies (GC/ml) were measured.
Prevention of PCR carryover contamination.
To avoid any LAMP carryover contamination strict laboratory practices were followed throughout the experimental procedure. The pre-LAMP manipulations (DNA isolation and LAMP set-up) were performed in a clean room that was isolated from the LAMP PCR machine and the post-LAMP processing area. Negative controls were run with all assays, and no indications of contamination were detected. Especially, attention was paid when the caps of the used reaction tubes were opened for the addition of SYBR green dye or subsequent electrophoresis.
Specificity and sensitivity of the LAMP assay
The specificity and sensitivity of the developed LAMP assay have been previously evaluated by Ziros et al. (2015) . Moreover, the specificity of the developed LAMP assay in real-world situations was evaluated in the context of the present study by analysing different food matrices, after inoculation of non hAdV40/41 DNA (hAdV35; porcine adenovirus-pAdV, Salmonella spp, Listeria monocytogenes). In addition, ten-fold dilutions of hAdV40/41, which were previously quantified by QPCR, were inoculated in food samples to determine the sensitivity of the assay for food analysis.Finally, for measuring the limit of detection (LOD) of the LAMP assay, food samples were tested in triplicate and the lowest concentration of genome copies (GCs) was taken as the limit when all of the triplicate samples were positive.
RESULTS AND DISCUSSION
LAMP specificity
The specific isothermal amplification of the DNA of hAdV40/41 strains on food samples generated ladder-like pattern bands on agarose gel. No amplification was observed in LAMP reactions without template DNA (negative control) and in the control reactions with non hAdV40/41 DNA. LAMP assay successfully detected AdV40/41 in food samples within 60 min. There was no difference between the LAMP results detected by agarose gel electrophoresis of LAMP products or visual detection of LAMP products after SYBR Green addition and observation under UV light (Figure 1) .
LAMP sensitivity
Ten-fold dilutions of 10 0 to 10 4 GCs of hAdV40/41 in the selected food matrices were used for the sensitivity assays. The analytical sensitivity of the LAMP assay for extracted food samples was estimated to be higher than 30 GCs/reaction (Figure 2) , which is in accordance with the study of Ziros et al. (2015) . Whereas, the analytical sensitivity for non-extracted food samples was found higher than 200 GCs/reaction compared to extracted food samples.
Rapid and Specific Detection of hAdV40/41 in RTE food samples
For every batch of the food samples tested, a control sample (non-inoculated with virus) was tested to investigate any potential initial contamination. Additionally, these Assays (LAMP) are per definition very specific to the microbial targets (Kokkinos et al., 2014; Ziros et al., 2015) and it is well known that they are very robust to non-target nucleic acids presence (Francois et al., 2011) . When the LAMP assay was performed with extracted samples, all food samples (strawberries, sour cherries, lettuce, green onions, cherry tomatoes) exhibited an amplification (positive LAMP assay). When the LAMP assay was performed without prior nucleic acids extraction, the target hAdV41 was detected only in lettuce, cherry tomatoes and green onions (Figure 1 ). The sensitivity was estimated to be higher (able to detect up to 10 1 GCs/reaction) for extracted food samples (lettuce, cherry tomatoes, and green onions), and lower (up to 10 2 GCs/reaction) for non extracted samples (Figure 2 ). In the present study, the robustness of the LAMP assay for the analysis of food samples was shown by the detection of the target hAdV41 DNA in RTE food samples with smoother surface, like cherry tomatoes, green onions, and lettuce, without prior nucleic acids extraction. For instance, the detection without prior NA extraction procedure was proved to have a slight lower detection limit (approx. 1 log ), compared to that of the samples tested after an NA step. On the other hand, in more complex food samples (strawberries, sour cherries), with porous surfaces, the target hAdV41 DNA was not detected without a prior nucleic acids extraction step. This can be a valuable tool for food companies and public health authorities interested in rapid and robust screening methods of food products.
Other researchers have used LAMP assays for the microbiological analysis of a variety of food products, like cantaloupe, lettuce, pepper, sprouts, tomato, milk, and chicken, for the rapid detection of a number of pathogens, like Salmonella spp, and Listeria monocytogenes, Shigella spp, Brucella and Escherichia coli (Shao et artificially seeded oysters. This is to the best of our knowledge the first report on the evaluation of hAdV40/41 specific LAMP assay for the virological analysis of food samples. The specificity has been tested successfully, and no crossreactivity with other targets was observed.
CONCLUSION
Our study underlined the usefulness of the developed LAMP assay for the virological analysis of fresh RTE foods. The greatest advantage of the present LAMP assay is the substantial reduction in required time (less than 60 minutes) compared to that required for PCR of Real-Time PCR. The developed LAMP assay is expected to provide a very robust, innovative, powerful, cheap and fast molecular diagnostic tool, for the food industry and the public health authorities.
